ABSTRACT
INTRODUCTION
Ancient manuscripts form an integral part of our rich heritage. A number of these texts have been written on parchment. If stored under very dry conditions, parchment can last for thousands of years. For writing on them, early inks were made with carbon black suspended in water. This ink provided, and continues to provide, well-defined and high-contrast writing. Later manuscripts were written with iron gall ink, which was easier to make and harder to remove from the surface.
Natural and artificial agents have resulted in the deterioration of these manuscripts. Image processing techniques can be applied to images of these texts to restore them and store them digitally. However, for application of these techniques knowledge of the ink and parchment used is essential. Damaged parchment is often very dark, making any surviving text characters hard to read.
In this paper, we apply digital image processing techniques for enhancement and text restoration of an ancient manuscript, Yashodhar Charitra, which was written using carbon black suspended in water on parchment made up of goat or sheep skin which is very durable. Digitization of the restored manuscript will ensure wider reach of the text to readers, economy of storage and safety from damage inflicted by nature. 
PROPOSED METHODOLOGY
Manuscript restoration techniques involves various steps. First of all, we create a database of the damaged manuscript. Each page of the manuscript is photographed using a high-defintion digital camera. The manuscript is analyzed for the different damages. Each page of the manuscript is subjected to noise removal and enhancement technique. The various steps involved in our approcah are :
• Digitization of images: The manuscript was digitized using a standard digital camera.
• Noise removal: The image is filtered to remove the unwanted noise from the digitized image. This methodology uses a filtration technique which uses Gaussian Bandpass filter and the difference in colour intensities of the damaged part to the non-damaged part.
• Thresholding: It was done in order to remove the damaged segments of the image.
• Image enhacement: This helps us in improving the various aspects of an image to make it visually better. • Text restoration: Some missing areas of the text were recovered using text restoration.
EXPERIMENT

Database
For experimental purpose, we obtained our database from Digambar Jain Manuscript Conservation Centre under The National Mission for Manuscripts (NAMAMI) which is an autonomous organisation under Ministry of Culture, Government of India, established to conserve Indian manuscripts and create a national resource base. We used a manuscript called Yashodhar Charitra, written in the year 1661, by Gyankirti based on the fascinating story of Yashodhara. It is written in Sanskrit with a touch of Varhadi dialect. It contains 69 pages. The manuscript was digitized using a digital camera. The database was analysed for various types of damages. It was observed that there were a number of factors like dark areas, blotches, degradation due to moisture and missing text due to page tear.
Preprocessing
Image preprocessing is very important as it can significantly increase the performance of subsequent enhancement steps. Features of digitized images along the database can vary due to different factors like luminance level, wearing out due to time etc .
Noise Removal
Noise removal basically acts as a tool to remove the unwanted noise from our digitized image which may have occured during image acquisition. It uses the Gaussian bandpass filter which removes noise contained in a certain range.
Gaussian bandpass filtering is done in the frequency domain. The function makes use of the simple principle that a bandpass filter can be obtained by multiplying a lowpass filter with a highpass filter where the lowpass filter has a higher cut off frequency than the high pass filter. This process is shown in Figure 2 . 
Thresholding
Thresholding is the simplest method of image segmentation. We used it to convert our preprocessed RGB image to various other colour formats like YCbCr, HSV, CMYK based on the type of damage inflicted.
• YCbCr was used when we had light blotches in the digital image.
• HSV was used for images degraded by moisture.
• CMYk was used for images having dark blotches.
The thresholded image is shown in Figure 3 . 
Image Enhancement
After converting the image to a specific color format based on the type of damage, it is enhaced for various aspects like brightness, contrast and sharpness to make it more visually presentable. The enhanced image is shown in Figure 4 . 
Text Restoration
Some segments of the manuscript were severely damaged and the text in those areas was missing. For such cases, we consulted the language expert and manually replaced the missing text. Similar text is located elsewhere in the manuscript and digitally picked up and pasted where the text is missing. This can be seen more clearly in Figure 5 . 
RESULT AND ANALYSIS
The damaged manuscript is restored using noise removal and image enhancement techniques. Text restoration for missing text is done by digitally cropping equivalent text from elsewhere and pasting it where it is missing. The results of the whole process are shown in Figure 6 .
It is seen that major spoilage of the manuscript is removed. The manuscript becomes noise free. The blotches caused due to exposure to moisture, air and other pollutants are visibly removed. The text which is missing due to page tear is replaced accordingly. The end result of the restored manuscript is a clean, easy to read and defect-free digital manuscript. 
CONCLUSION
Image processing techniques were applied for digital restoration of an ancient manuscript, Yashodhar Charitra, authored by Gyankirti . The deteriorated manuscript was inspected and treated for various defects. The noise free and enhanced manuscript can now be digitally archived for wider reach to the readers and free from effects of natural pollutants. In fututre, the techniques will be applied to other ancient manuscripts available with conservation centers.
